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© A microwave coupling arrangement. 



© A dual band feed arrangement for a microwave 
antenna provides microwave communication in a 
lower band and in a substantially widened upper 
band to provide simultaneous microwave commu- 
nication for three signals. One signal in the lower 
band propagates between the outer and inner con- 
ductors of a coaxial waveguide in the TEi 1 coaxial 
mode, and two signals in the upper band propagate 
in the inner conductor in TEn circular waveguide 



mode. A combiner, having a conically shaped sec- 
tion with a plurality of irises through its sidewalf, is 
coupled to the coaxial waveguide to provide a trans- 
formation from the TEi 1 modes to the HEi i 
waveguide modes for each of the three signals. A 
dielectric rod extends from within the inner conduc- 
tor and into the horn antenna for propagating the 
second signal out of and into the antenna. 
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Field Of The Invention 

The present invention relates generally to com- 
munication systems and, more particularly, to cou- 
plers and combiners used in microwave commu- 
nication systems. 

Background Of The Invention 

Microwave coupling devices ("couplers") are 
used to join two waveguide structures through 
which one or more microwave signals propagate. In 
a typical microwave coupler application, the cou- 
pler may be used to link two waveguide structures 
having different propagation modes. In a more spe- 
cific coupler application, a combiner-type coupler is 
often used to "feed" an antenna from a waveguide 
structure such that the antenna transmits or re- 
ceives signals in two or more frequency bands. In 
each instance, the microwave coupler would be 
designed to provide the appropriate waveguide 
transition between the respective structures. An 
improper transition in such microwave couplers can 
cause an unacceptable VSWR and typically results 
in significant signal distortion. Signal distortion in- 
troduces the propagation of signals in a multitude 
of undesired higher order modes, often referred to 
as "overmoding." Such "overmoding" adversely 
affects both the bandwidth and the quality of the 
propagating signals. 

In the prior art, the magnitude of such higher 
order modes has been lessened by careful dimen- 
sioning of the waveguide to provide a cut-off point 
beyond which these modes will not operate. Un- 
fortunately, such dimensioning by itself does not 
accommodate many applications in which the com- 
biner or coupler propagates signals in more than 
one frequency band. 

There are previously known combiner struc- 
tures that propagate signals in two frequency . 
bands, However, they require costly or elaborate 
combiner structures to transform the propagation 
modes from the respective waveguide paths into a 
common path operating in a signal propagation 
mode. For example, one such structure includes a 
tuning choke which is used as part of a dual band 
junction in which signals from two frequency bands 
are respectively passed into the outer and inner 
conductors of a coaxial waveguide. Another type 
employs a conically shaped cone having a circular 
waveguide coupled at its base through which a 
signal from one frequency band passes, and has 
four openings through its side wall through which a 
signal from one frequency band, represented by 
two orthogonal polarizations, passes. The ortho- 
gonal polarizations which pass through the side 
wall are fed respectively from separate hybrid tees 
with electrically balanced waveguide connecting 



structures. These structures are not only costly to 
build, but the two bands that they accommodate 
are relatively narrow and, therefore, are limited in 
their signal carrying capacity. Attempts to expand 
s that capacity have resulted in intolerable signal 
distortion. 

Accordingly, there is a need for a coupling 
structure that overcomes the aforementioned defi- 
ciencies. 

70 

Summary Of The Invention 

In accordance with a preferred embodiment, 
the present invention provides a coupling arrange- 
rs ment for a microwave application that is capable of 
accommodating microwave communication in a 
lower band as well as a substantially widened up- 
per band. The arrangement includes a coaxial 
waveguide, having an inner and an outer conduc- 
20 tor, joined to a microwave element using a combin- 
ing junction having a narrow end and a wide end. 
The narrow end is coupled to the inner conductor, 
and the wide end is disposed between the outer 
conductor and the microwave element. One signal 
25 in the lower band propagates between the outer 
and inner conductors of the coaxial waveguide sec- 
tion in the TEi 1 coaxial mode, and two signals in 
the upper band propagate in the inner conductor in 
the TEi i circular waveguide mode. 
30 Preferably, the combining junction includes a 

conically shaped section with a plurality of irises 
through its sidewall to provide a transformation 
from the TEn modes in the coaxial waveguide 
section to the HEi i waveguide modes for each of 
35 the three signals. A dielectric rod, extending from 
within the inner conductor and into the horn an- 
tenna, is preferably used for propagating the sec- 
ond signal between the microwave element and the 
inner conductor of the coaxial waveguide. 

40 

Brief Description Of The Drawings 

Other objects and advantages of the present 
invention will become apparent upon reading the 
45 following detailed description and upon reference 
to the drawings in which: 

FIG. ta illustrates a perspective view of a feed 
system for a microwave antenna, according to 
the present invention; 
so FIG. 1b illustrates a cross-sectional view of the 
feed system of FIG. 1a; 

FIG. 2a illustrates a cross-sectional expanded 
view of a coaxial waveguide section 12 which is 
part of the feed system of FIGS. 1a and 1b; 
55 FIG. 2b illustrates a cross-sectional view of the 
coaxial waveguide section 12 along line 2b-2b in 
FIG. 2a; 

FIG. 3a illustrates a cross-sectional expanded 
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view of a dual band junction 14 which is part of 

the feed system of FIGS. 1a and 1b; 

FIG. 3b illustrates a cross-sectional expanded 

view of a rod support 40 and a dielectric rod 16 

used in the dual band junction 14 of the feed 

system; 

FIG. 4a illustrates a perspective view of a junc- 
tion channel 38 used in the feed system of 
FIGS. 1a and 1b; 

FIG. 4b illustrates a cross-sectional view of junc- 
tion channel 38; and 

FIG. 4c illustrates an end view of the junction 
channel 38 along line 4b-4b in FIG. 4b. 
While the invention is susceptible to various 
modifications and alternative forms, specific em- 
bodiments thereof have been shown by way of 
example in the drawings and will herein be de- 
scribed In detail. It should be understood, however, 
that it is not intended to limit the invention to the 
particular forms disclosed. On the contrary, the 
intention is to cover all modifications, equivalents, 
and alternatives falling within the spirit and scope 
of the invention as defined by the appended 
claims. 

Detailed Description of The Preferred Embodi- 
ments 

The present invention may be advantageously 
used for a wide variety of signal coupling applica- 
tions involving microwave communication. The 
present invention has been found to be particularly 
useful, however, as a feed system for an earth 
station antenna in a microwave earth-satellite com- 
munication system. It is in this context that the 
present invention will be discussed. 

FIGS. 1a and 1b illustrate such a feed system 
10 in accordance with the present invention. The 
feed system 10 includes certain structural similarit- 
ies to a previously known feed system; namely, 
Part No. 208958, available from Andrew, Corp., 
Orland Park, Illinois. Each feed system may be 
implemented using the same horn antenna, and 
each system includes a coaxial waveguide and 
dielectric rod which are similar. Certain structural 
differences between the two feed systems, how- 
ever, provide a significantly different operation. For 
example, unlike the feed system 10, the above 
mentioned prior art feed system is limited to si- 
multaneous reception for signals in two relatively 
narrow frequency bands, between 3.7 and 4.2 GHz. 
(in the C-band) and between 11.7 and 12.2 GHz. 
(in the Ku-band). Surprisingly, the feed system 10 
illustrated in FIGS. 1a and 1b provide a significant 
improvement in operation over that prior art system 
by expanding the Ku-band, for example, between 
10.95 and 14.5 GHz. 

This expansion provides a significant increase 



in communication capacity. The feed system 10 
illustrated in FIGS. 1a and 1b (as used in satellite 
communication system) are capable of receiving 
signals in the C-band, as previously defined, and in 

5 the Ku-band between 10.95 and 12.75 GHz., and of 
transmitting signals in the Ku-band between 14.0 
and 14.5 Ghz. This signal transmission capability is 
significant in itself. Although microwave, frequency 
bandwidths in satellite communication iare typically 

10 0.5 GHz., providing the capability to receive signals 
between 10.95 and 12.75 GHz. is also advanta- 
geous because it ensures reception in any of four 
commercially-used bandwidths, each defined within 
this range. 

75 This improvement and the overall operation of 

the feed system 10 is realized using a relatively 
inexpensive and elaborate structure which includes 
a C-band coaxial waveguide 12, a dual band junc- 
tion 14, a dielectric rod 16 and a horn antenna 18. 

20 The coaxial waveguide is used to carry signals to 
and from the antenna's radiating elements: the 
dielectric rod 16 and the horn antenna 18. The dual 
band junction 14 provides the necessary transition 
between the signals propagating in the coaxial 

25 waveguide 12 and their reception or transmission 
at the horn antenna 18 and the dielectric rod 16. 

More specifically, the coaxial waveguide 12, 
which is illustrated in expanded form in FIGS. 2a 
and 2b, is constructed to propagate transmit and 

30 receive signals in the Ku-band within its inner con- 
ductor 20 and to propagate a receive signal in the 
C-band between the inner conductor 20 and the 
outer conductor 22 of the coaxial waveguide 12. 
The inner conductor 20 of the coaxial waveguide 

35 1 2 is supported by the outer conductor 22 in four 
areas. At end 33, the inner conductor 22 is sup- 
ported by a metal coupler 24. The center of the 
inner conductor 20 is supported by metallic sup- 
port screws 26 on opposing sides of the outer 

40 conductor 22 near each port 32 and 34, and the 
end of the inner conductor 20 nearest the horn 
antenna 18 is conveniently supported by a junction 
channel 38 in the dual band junction 14. The sup- 
port provided at the dual band junction is. impor- 

45 tant, because it alleviates the cost and labor which 
would otherwise be required using additional dedi- 
cated supports. 

Within the inner conductor 20, the signals 
propagate in the TEn circular waveguide mode, 

50 and between the conductors 20 and 22, the signals 
propagate in the TEn coaxial waveguide mode. 
The undesired but dominate TEM mode within the 
coaxial waveguide 12 is limited to insubstantial 
levels using small excitation irises 28 and tuning 

55 screws 30, the latter of which are preferably sym- 
. metrically located about the outer conductor 22. 
The tuning screws 30 may be placed ahead of or 
behind the dual band junction 14 as desired to C- 
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band return loss. Inside the coaxial waveguide 12 
these symmetrical tuning elements 28 and 30 are 
placed on both the inner and outer conductors 20 
and 22. The next undesirable high order mode is 
the TE21 coaxial mode with a cutoff frequency at 
5.05 GHz. 

The Ku- and C-band signals are introduced into 
the waveguide using conventional microwave de- 
vices. The signals in the Ku-band may be coupled 
to and from the coaxial waveguide 12 using a 
conventional Ku-band four-port waveguide combin- 
er, for example, Andrew Model No. 208277, at- 
tached at one end 33 of the feed system 10. The 
signals in the C-band may be coupled from the 
feed system 10 at a front port 32 (FIG. 2b) and at a 
back port 34 (FIG. 2a), both of which are situated 
through the outer conductor 22 of the coaxial 
waveguide 12. The front port 32 is used to couple 
signals having one of two orthogonal polarizations 
from the coaxial waveguide 12, and the back port 
34 is used to couple signals having the other of the 
two orthogonal polarizations from the coaxial 
waveguide 12. This coupling implementation for C- 
band receive signals is substantially the same as 
the prior art structure defined by Andrew Corp. Part 
No. 208958. 

The inside surface of the outer conductor 22 is 
continuous from the end 33 until it is stepped-out 
at a point 36 near the dual band junction 14 to 
provide an appropriate impedance match for the C- 
band signals. 

The dual band junction 14, which is illustrated 
in exploded form in FIG. 3a, is another important 
feature of the present invention. The primary ele- 
ments in this area of the feed system 10 include 
the junction channel 38, a rod support 40 and the 
dielectric rod 16. Preferably, the junction channel 
38 and the rod support 40 are metallic, e.g., alu- 
minum, and the dielectric rod 18 is preferably 
made of quartz. These elements are designed to 
couple the signals between the coaxial waveguide 
12 and the horn antenna 18. The dielectric rod 16 
extends from the horn antenna 18, through the 
junction channel 38 and partly into the inner con- 
ductor 20 of the coaxial waveguide 12. At the inner 
conductor 20 of the coaxial waveguide 12, the 
transmit and receive signals in the Ku-band are 
launched into and from the dielectric rod 16. 

The rod support 40, located within the inner 
conductor 20, provides both mechanical and elec- 
trical functions. Mechanically, the rod support 40 is 
used to secure the dielectric rod 16 in the center of 
the inner conductor 20. This is accomplished by 
dimensioning the rod support 40 such that a por- 
tion of rod support's inner surface makes contact 
with the outer surface of the dielectric rod 16. 
Metal screws 41 include a dielectric ball, preferably 
made of Teflon, to contact the dielectric rod 16 so 



that it slidably secures the rod 16 within the rod 
support 40, while providing an adequate discrimina- 
tion for the orthogonal polarizations. Metal screws 
42 may be used in the side wall of the junction 

5 channel 38 to secure the junction channel 38 to the 
inner conductor 20. Removable metal plugs 44, 
which are located in the outer conductor 22, are 
used to provide access to the dielectric screws 42 
in the rod support 40. 

10 With regard to its electrical function, the rod 
support 40 includes a tapered inner surface at both 
ends so that the Ku-band signals experience negli- 
gible reflection as they propagate between the rod 
16 and the inner conductor 20. For example, the 

75 rod support 40 may flare at an 8 degree half angle 
off its center axis at both ends. The dielectric rod 
16 is also tapered, as illustrated in FIGS. 3a and 
3b, to insure that the Ku-band signals propagating 
from the inner conductor 20 of the coaxial 

20 waveguide 12 are in the dominate TEn mode 
beginning at the point of contact between the rod 
16 and the rod support 40. This contact region 
comprises a dielectric (quartz) loaded waveguide 
which is dominate moded from 10.95 through 11.79 

25 GHz., where TM01 mode starts to propagate. How- 
ever, symmetry is kept throughout, and the TM01 
mode level is negligible. This symmetry also pre- 
vents the next high order mode, TE21, having a 
cut-off frequency of 14.97 GHz., from propagating. 

30 It is noted that the highest frequency of operation 
is limited by generation of the undesirable TMn 
mode which has a cut-off frequency of 18.78 GHz. 

The junction channel 38, which is best illus- 
trated in FIGS. 3a and 4a-4c, includes a ring sec- 

35 tion 45 and a conicaily shaped channel 46. The 
ring section 45 includes a smooth inner surface 
having a constant diameter which fits over the end 
of the inner conductor of the coaxial waveguide 12. 
The outer surface of the ring section includes three 

40 tiers 48, 50 and 52. These tiers are used for 
impedance matching as the C-band signals propa- 
gate between the coaxial waveguide 12 and the 
horn antenna 18. 

In order for the C-band signals to pass from 

45 the horn antenna 18 to the coaxial waveguide 12 
without significant distortion or reflection, the coni- 
caily shaped channel 46 includes four irises 54, 56, 
58 and 60 about its side wall at 90 degree inter- 
vals, in a symmetrfcal and uniform relationship 

50 about the side wall. It has been discovered that the 
irises 54-60 should be in the shape of elongated 
slots, having their respective lengths running in the 
same direction as the propagation of the C-band 
signals. Although not necessary, the irises 54-60 

55 are preferably aligned with the ports 32 and 34 in 
the outer conductor 22 such that each pair of 
opposing irises passes one of the two orthogonal 
polarizations of the C-band signal to the coaxial 
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waveguide 12. This permits passage of the C-band 
signals with minimal signal reflection. 

The wide end 62 of the conically shaped chan- 
nel 46 includes a rim 78 protruding therefrom, 
which is secured between flanges 64 and 66 ex- 
tending from the horn antenna 18 and the outer 
conductor 22 of the coaxial waveguide 12, respec- 
tively. The flanges 64 and 66 are also used to 
engage bolts 68 to interlock the horn antenna 18 
with the coaxial waveguide 12. 

The conically shaped channel 46 also provides 
the surprising result of widening the Ku-band to 
allow both the receive and transmit signals to prop- 
agate through the feed system 10. This is accom- 
plished by arranging the conically shaped channel 
46 to directly meet the ring section 45 at its narrow 
end 70 and to directly meet the ring section 45 and 
the outer conductor 22 at its wide end 62. This 
arrangement ensures that the conically shaped 
channel 46 properly guides the propagating energy 
between the horn antenna 18 and the inner con- 
ductor 20 of the coaxial waveguide 12 while shield- 
ing the Ku-band energy from the C-band coaxial 
waveguide 12; thus, suppressing higher order 
mode generation and cross polarization levels at 
the Ku-bands. Experimentation with other, arrange- 
ments has resulted in substantial Ku-band energy 
leaking into the coaxial waveguide 12 and reradiat- 
ing within the feed system, causing overmoding 
and, thus, signal distortion. 

The dielectric rod diameter is kept constant 
throughout the dual band junction 14 to minimize 
Ku-band radiation. The metallic wall of the conically 
shaped channel 46 extends from the rod 16 in a 
gradual fashion with a linear taper having a half 
angle of approximately 16*. The 16° taper was 
chosen to fit the four symmetrical coupling irises 
54-60 operating at the C-band wavelengths in a 
compact configuration. The irises 54-60 in the coni- 
cally shaped channel 46 do not disturb the Ku- 
band transformation from the TE11 circular mode 
to the dielectric circular waveguide operating in the 
HEu mode. The quartz dielectric constant is ap- 
proximately 3.67. This construction achieves the 
desired transformation with a minimal reflection. 

Once launched into the dielectric rod 16 from 
inner conductor 20 of the coaxial waveguide 12, the 
Ku-band transmit signals are carried completely 
within rod 16 until the rod begins to taper in the 
horn antenna 18. When these signals encounter the 
tapering of the rod, they begin to move to the 
outside of the rod. For example, below mounting 
flanges 72 on the outside of the horn antenna 18 
(FIGS. 1a and 1b), close to 100 percent of the 
propagating energy is inside the rod 16. At foam 
rod supports 74 and 76, about 85 percent and 20 
percent, respectively, of the propagating energy is 
inside the rod 16. By the time the energy is at the 



end of the rod, it is almost entirely along the 
outside of the rod. The Ku-band transmit signals 
radiate from the tapered end of the rod 16 near the 
aperture of the horn antenna. 

5 The receive signals in the Ku-band that are 

projected into the feed system 10 are collected into 
the dielectric rod 16 opposite the manner in which 
the Ku-band transmit signals are launched. 

A desirable feature of this design is that the 

70 position of the Ku-band phase center is indepen- 
dently adjustable from the C-band phase center by 
displacing the rod tip externally or internally to the 
C-band horn aperture. No changes in the C-band 
primary pattern occur when the rod tip position is 

rs varied. 

As the radiating dielectric rod position is 
moved into the horn, a slight degradation of the Ku- 
band may be noticed due to the diffraction of 
incident energy off the perimeter of the horn ap- 

20 erture. Pulling the rod tip in too far could generate 
a multitude of modes across the aperture. The Ku- 
band pattern mode purity can be improved by 
placing microwave absorber ring around the inside 
perimeter of the horn aperture. 

25 For the best overall C-band performance, a 

corrugated horn antenna, that is specifically de- 
signed for the 7.3m ESA, may be used. Other 
horns, e.g., a smooth wall conical horn and a dual 
mode horn, provide nonoptimal symmetrical pat- 

30 terns, spillover and cross polarization. Each of 
these various horns should have its metallic walls 
far removed from the dielectric rod, so that there is 
no effect on the Ku-band signal performance. 

35 Exemplary Dimensions 

A preferred feed system, which is designed as 
part of the previously described system for recep- 
tion of C-band signals between 3.7 and 4.2 GHz. 

40 and for reception and transmission of Ku-band sig- 
nals between 10.95 and 14.5 GHz, is described in 
structural terms below. 

In the junction channel 38, the ring section 45 
is 1.50 inches in length and the conically shaped 

45 section 46 is 2.41 inches in length, both along the 
junction channel's center axis. The inside diameter 
of the ring section 45 which surrounds the inner 
conductor 20 is 0.873 inch, and the inside diameter 
at which the conically shaped channel 38 begins is 

so 0.800 inch. The three tiers 48, 50 and 52 include 
the following outside diameters: 1 .476, 1 .440 and 
1.125 inches, respectively. The conically shaped 
channel 46 flares at a 16 degree half angle, the 
irises 54-60 in its sidewall(s) are 1.310 inches in 

55 length along the junction channels center axis, 
0.250 inch in width and include rounded comers. 
The irises 54-60 begin 0.327 inch, as measured 
along the junction channel's center axis, from the 
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edge of the ring section . 45. The rim 78 begins 

0. 066 inch from the end of the irises 54-60, also as 
measured along the center axis of the junction 
channel. 

The quartz dielectric rod 16 has a length of 
36.5 inches, its diameter within the rod support 40 
is 0.4 inch, its diameter at its end within the inner 
conductor 20 tapers sharply for 3.0 inches to an 
end diameter of 0.03 inch, and its diameter within 
the horn antenna 18 tapers gradually for 16.25 
inches to an end diameter of 0.162 inches. 

The horn antenna 18 (and its associated 
mounting equipment), which may be implemented 
as in the previously described prior art device by 
Andrew Corp., flares at an 8 degree half-angle off 
its center axis. 

While the invention has been particularly 
shown and described with reference to one em- 
bodiment and one application, it will be recognized 
by those skilled in the art that modifications and 
changes may be made. For example, the system 
does not require the dielectric rod and rod support 
in which case the horn antenna would propagate 
signals in the TEi 1 circular waveguide mode, and 
the horn antenna may be replaced with a conven- 
tional circular waveguide. Further, the angles which 
define the flares of the horn antenna and the coni- 
cally shaped channel may be varied without sub- 
stantial degradation to the operation of the system. 
These and various types of other modifications 
may be made to the present invention described 
above without departing from its spirit and scope 
which is set forth in the following claims. 

Claims 

1. A microwave coupling arrangement having a 
coaxial waveguide section having an outer con- 
ductor and an inner conductor for propagating 
first and second microwave signals, respec- 
tively; wherein the improvement comprises: 

junction means, disposed between a mi- 
crowave element and the coaxial waveguide, 
including an elongated channelled section hav- 
ing a narrow end coupled to the inner conduc- 
tor, a wide end coupled to the outer conductor 
and to the microwave element, and a side wall, 
which is coupled between the inner conductor 
and the microwave element, with a plurality of 
irises therethrough, wherein the irises provide 
a path for the first microwave signal between 
the microwave element and the coaxial 
waveguide section and the narrow end pro- 
vides a path for the second microwave signal. 

2. A microwave coupling arrangement, according 
to claim 1, wherein the microwave element 
includes a horn antenna coupled to the chan- 



nelled section so as to propagate the first and 
second microwave signals therethrough and 
wherein the microwave element further in- 
cludes a dielectric rod surrounded, at least in 
5 part, by the horn antenna. 

3. A microwave coupling arrangement, according 
to claim 2, wherein the junction means in- 
cludes means supporting the dielectric rod 

10 which is constructed to couple signals between 
the dielectric rod and the inner conductor of 
the coaxial waveguide section. 

4. A microwave coupling arrangement, according 
15 to claim 1, wherein the junction means in- 
cludes a ring section coupled to the narrow 
end of the channelled section. 

5. A microwave coupling arrangement, according 
20 to claim 1, wherein the channelled section is 

conically shaped. 

6. A waveguide coupling arrangement for propa- 
gating a first signal in a first frequency band 

25 and at least one second signal in a second 

frequency band, comprising: 

a waveguide section including propagation 

means for propagating the first signal in the 

TE11 coaxial mode and for propagating the 
30 second signal in the TEn circular waveguide 

mode; 

a microwave element for providing HEn 
waveguide mode operation for the first and 
second signals; and 

35 junction means, coupled to and disposed 

between the microwave element and the co- 
axial waveguide, including elongated channel 
means for providing a substantially continuous 
transformation between the TEi 1 circular and 

40 HEi 1 waveguide modes for the second signal 
and wherein the elongated channel means has 
a plurality of irises through a side wall thereof 
for transforming between the TEi i coaxial and 
HE t 1 waveguide modes for the first signal. 

45 

7. A waveguide coupling arrangement, according 
to claim 6, wherein the waveguide section is a 
coaxial waveguide section having inner and 
outer conductors and the elongated channel 

so means includes a tapered channelled section 
having a narrow end coupled to the inner con- 
ductor, and a wide end coupled to the outer 
conductor and to the microwave element. 

55 8. A waveguide coupling arrangement, according 
to claim 7, wherein the junction means in- 
cludes a dielectric rod extending from at least 
the inner conductor into the microwave ele- 
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ment for propagating the second signal. 

A waveguide coupling arrangement for propa- 
gating a first signal in a first frequency band 
and at least one second signal in a second 5 
frequency band, comprising: 

a waveguide section including means for 
propagating the first signal in the TEi i coaxial 
mode and for propagating the second signal in 
the TEi 1 circular waveguide mode; 10 

a microwave element for providing TEn 
circular waveguide mode operation for the first 
and second signal; and 

junction means, coupled to and disposed 
between the microwave element and the co- 15 
axial waveguide section, including a conically 
shaped section having a plurality of irises 
through a side wall thereof to provide a trans- 
formation between the TEi 1 coaxial and TEi 1 
circular waveguide modes for the first signal. 20 

A waveguide coupling arrangement, according 
to claim 9, wherein the irises in the conically 
shaped section are located at about 90 degree 
intervals about the side wall. 25 
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Fig. 1b 
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